Sediment load changes with downslope distance during rill erosion process, and thus quantifying the potential contribution of sediment load on soil detachment rate is essential to accurately model the rill erosion process. A standardization-based method was adopted to quantify the contribution for the first time, and the rill flume with a soil-feeding hopper was specifically designed to insulate the effect of sediment load on detachment rate. Loessial soil was quantitatively fed into rill flow to produce different sediment loads. Seven flow discharges were combined with six slopes. Soil detachment rate was measured for each combination under five sediment loads (10, 25, 50, 75, and 90% of the sediment transport capacity, respectively). The results showed that soil detachment rate by sediment-laden rill flow decreased linearly with the increase in sediment load. Stream power is the best hydrodynamic parameter in relation to the detachment rate under different sediment loads compared with shear stress and unit stream power. The comprehensive response relationship of soil detachment rate to sediment load and stream power is a binary linear equation (R 2 = 0.9482). The contribution rate of sediment load to soil detachment rate is 30.43% and that of stream power is 64.39%. The negative effect of sediment load on soil detachment rate accounts for almost one-third of the total contribution. It is important to draw sediment load as a negative factor into process-based rill erosion model. This study can provide a feasible way for researchers to quantify the contribution rate of factors and can help to understand rill erosion process sufficiently. S oil detachment is the process of soil particles being separated from the soil body by flowing water (Owoputi and Stolte, 1995; Lei et al., 2002) , and it is active in hillslope farmlands where rill flow is frequently concentrated (Sun et al., 2013) . The evaluation of soil detachment rate by rill flow has long been a focus in the research field of soil erosion. Soil detachment in rills proceeds under the action of rill flow, and thus the hydrodynamic behavior of rill flow acts as a driving factor dominating the soil detachment rate directly. However, a problem that may arise in evaluating soil detachment rate is the potential effect the sediment load in rill flow may have on soil detachment rate (Gimenez and Govers, 2002) . Rill erosion is the process of rill flow to detach soil particles and concomitantly transport the produced sediments downstream (Zhang et al., 2014; Foster, 1986 
, which leads to soil detachment by a sediment-laden rill flow in different sediment loads. The potential effect that sediment load in rill flow may have on soil detachment process needs to be given more importance compared with the acknowledged driving effect of hydrodynamic behavior. Quantifying the contribution of sediment load to soil detachment rate by a sediment-laden rill flow can help to sufficiently understand rill erosion process and accurately evaluate rill erosion intensity.
The detachment-transport coupling function proposed by Foster and Meyer (1972) states that soil detachment rate in rills decreased with sediment load increased. This function is used as the govern equation in Water Erosion Predict Project (WEPP) and is expressed as follows:
where D r is the net soil detachment rate in rills (kg m -2 s -1 ); D c is the detachment capacity by rill flow (kg m -2 s -1 ); G is the actual sediment load in rill flow (kg m -1 s -1 ); and T c is the sediment transport capacity (kg m -1 s -1 ). This detachment-transport coupling function assumes a linear equation between two extreme cases of clear water (G/T c = 0) and transport capacity (G/T c = 1) (Nearing et al., 1990) . Cochrane and Flanagan (1997) estimated soil detachment rate in a simulated rill and concluded that the experiment data was consistent with the sediment-feedback term (1-G/T c ). Whether sediment load affected soil detachment rate was investigated by Merten et al. (2001) through a variable flume experiment and results show that the detachment rate dose appeared to reduce as the increasing sediment load. Lei et al. (2002) studied the soil detachment rates for sediment loaded flow in rills at different rill lengths, and found that soil detachment rate was negative correlated with sediment concentration and rill length. Spatially distributed rill erosion data derived by rare earth element tracers was conducted by Zhang et al. (2005) and the results confirmed that the soil detachment rates decrease linearly with the growing sediment load. Spatial distribution data measured with sediment-laden water samples taken along an eroding gully shows the same results (Zhang et al., 2014) . Riverbed sediments were used as sediment source to study the relationship of soil detachment and sediment transport, and the results demonstrated that there was a feedback effect of sediment transport on soil detachment rate (Zhang et al., 2009a) .
Conversely, Meyer and Wischmeier (1969) proposed a model that characterizes soil erosion by treating soil detachment and sediment transport separately. A field experiment conducted by Huang et al. (1996) also proposed that the rill detachment rate is irrelevant to sediment load, as proposed by Meyer and Wischmeier's (1969) model. Gimenez and Govers (2002) found that the process of soil detachment and the process of sediment transport were governed by different hydraulic variables, thus the two processes can't be linked simply and different equations are needed to predict the detachment process and the transport process, respectively. Lei et al. (2006) traced the sediment distribution of eroding rills using rare earth element tracers, and found that slope gradients greatly affected the sediment concentration in rills; this finding indicates that the rill erosion process may be different between gentle and steep slopes and that a large slope range from gentle to steep is necessary to be introduced in experimental research. A large range of flow discharge due to the direct influence of flow discharge to sediment load was also necessary (Sirjani and Mahmoodabadi, 2014) .
The effect of sediment load on soil detachment rate was studied in the literature. However, the results in these studies remain controversial, and the potential contribution of sediment load in rill flow to soil detachment rate has not been quantified with percentage value. A standardization method was adopted in this study to quantify the contribution rate of sediment load to soil detachment rate to solve the controversial problem and to understand rill erosion process further. Moreover, the rill flume experiment in this study was intentionally designed to insulate the effect of sediment load on soil detachment rate to eliminate the error caused by deposition and re-detachment. The objectives of this present study are as follows: (1) to test the effect of sediment load on soil detachment rate by sediment-laden rill flow using data from flume experiment, (2) to identify the best hydrodynamic parameter in relation to soil detachment rate under different sediment loads, (3) to establish a binary response correlation of soil detachment rate to sediment load and hydrodynamic parameter, and (4) so as to quantify the partial contribution of sediment load to soil detachment rate by sediment-laden rill flow.
MATERIAL AnD METHODS

Experimental Devices and Design
The experimental devices in this study was similar with that in a previously published study of our research group , but the objective of this study was completely different from that of the previous one. To facilitate reading and understanding, the experiment details are described here again.
As shown in Fig. 1 , the experimental devices mainly consisted of a rill flume, a water supply system, and a soil-feeding system. The shape of rill flume is rectangular. The length, width, and depth of the rill flume were 4, 0.1, and 0.1 m, respectively. The flume length of 4 m was designed mainly based on the summary of many previous researches that conducted flume experiment and the concern of avoiding unnecessary waster of flume material etc. The slope range of the flume was 5° to 35°. The flume bed is non-erodible. A thin sheet of test soil was evenly glued to the surface of the flume bed to simulate natural roughness and kept constant for all experiments. A chamber was cut 0.3 m above the lower end of the flume for the insertion of a soil container 0.1 m in length, 0.1 m in width, and 0.05 m in depth. The soil container was filled with test soil through different preparations for different purposes in the measurement of transport capacity and detachment rate. The surface of the soil in the soil container was at the same level as the flume bed after the container was inserted. A sliding plate was placed on the soil container to protect the soil from detaching before the flow discharge, and the soil-feeding rate was well adjusted. Tap water was pumped quantitatively to the upstream end of the flume by a water supply system, which mainly included a flowmeter and a pump. A soil-feeding hopper containing a rotor was installed above the upstream end of the flume to feed soil to rill flow. The soil-feeding rate was adjusted by a variable frequency drive that could control the rotation speed of the rotor. Air-dried soil, which was sieved through a 2-mm sieve, was added to the soilfeeding hopper for feeding.
The soil used in this study was loess collected from a typical hilly region of the Loess Plateau called Ansai in Shaanxi Province, China. The soil consisted of 36.58% sand (0.05-0.25 mm), 54.72% silt (0.002-0.05 mm), and 8.7% clay (<0.002 mm). The collected soil was air-dried and sieved through a 2-mm sieve to remove small stones and weeds.
Seven unit flow discharges (1.11, 1.56, 2.00, 2.44, 2.89, 3.33, and 3.78 × 10 -3 m 2 s -1 ) were combined with six slopes (10.51, 15.84, 21.26, 26.79, 32.49, and 38.39%) . The sediment transport capacity (T c ) was measured for each combination. The soil detachment rate by sediment-laden rill flow was measured for each combination under five sediment loads, which were 10, 25, 50, 75, and 90% of the measured T c .
Measurements
Flow Hydraulics
Flow velocity and depth were measured for each combination of unit flow discharge and slope. The water depth was measured by an electric probe with an accuracy of 0.02 mm from the surface of water to the non-erodible flume bed after the slopes and flow discharges were well adjusted. Flow depth was measured across two sections at 0.02 m and 1.22 m upstream from the chamber. Each section included three measurement points located 0.01 m from the left rill wall, 0.01m from the right rill wall, and in the middle of the two side walls. Flow velocity was measured using the dye method across a 2-m distance, which is 0.02 to 2.02 m upstream from the chamber. Three starting points located 0.01 m from the left rill wall, 0.01 m from the right rill wall, and the middle of the two side walls were applied for velocity measurement. The correction factor of 0.8 was multiplied with the flow velocity to convert the velocity of the leading edge of the dye into the mean flow velocity (Emmett, 1970; Li et al., 1996) . The velocity and depth measurements were repeated three times, and thus 18 flow depths and 9 flow velocities were obtained for each combination of slope and flow discharge. The average of these measured depths and velocities represented the flow depth and flow velocities, respectively.
Sediment Transport Capacity (T c )
Sediment transport capacity was measured for calibrating soil-feeding rates to quantitatively produce sediment-laden rill flow with different sediment loads. Two soil sources were adopted in this measurement. One main soil source was supplied by the soil-feeding hopper. The switch of the soil-feeding hopper was turned on to feed test soil to the rill flow after the flow discharge and slope were well adjusted. The soil feeding rate was slowly adjusted from small to large for the achievement of the potential T c . Another additional soil source was the soil in the soil container. Air-dried test soil was loaded into the soil container loosely, and then the soil container was put in a in a plastic bucket to absorb water until saturation. This additional soil source would provide loose soil for flow transport if soil feeding from the hopper was slightly inadequate. The soil feeding rate did not increase anymore when the rill flow is unable to transport the soil supplied by the hopper completely. Then, the sliding plate was removed from the soil container, the sediment sample flowed from flume outlet was picked up and the sampling duration was timed. Five samples were picked up for each combination of flow discharges and slopes.
The obtained sediment samples were dried by oven and weighted. Transport capacity, T c (kg m -1 s -1 ) was equal to the weight of the dry soil divided by the sampling duration (s) and the width of the rill (m); T c was measured under 42 combinations of 7 flow discharges and 6 slope gradients, and each combination was repeated once.
Soil Detachment Rate under Various Sediment Loads
This measurement was the same with the measurement in a previously published study of our research group . The objective of the previous study was completely different from that of this one. To facilitate reading and understanding, the measurement details are shown here again.
The previously measured sediment transport capacity for each combination of flow discharge and slope was used to regulate the soil-feeding rate to produce sediment-laden rill flow with different sediment loads of 10, 25, 50, 75, and 90% of T c . In this measurement of soil detachment rate, the soil container was filled with test soil with 14% moisture content to a density of 1.2 g cm -3 and was then saturated for 24 h, which was designed to produce soil samples in a natural soil condition of erosion. The prepared soil samples were applied to be detached by the sediment-laden rill flow, and the soil detachment rates under different sediment loads were observed eventually.
The sliding plate covering the soil container was removed, and the detachment process began after the sediment-laden rill flow was well adjusted. The soil container was again covered by the sliding plate to stop detaching once the detachment depth of 1.5 cm was reached. The durations of detachment were recorded. The residual wet soil in the soil container was dried by oven and weighed. A series of 210 combinations (7 flow discharges × 6 slope gradients × 5 sediment loads) was conducted, and each combination was repeated once. The soil detachment rate by clear rill flow under 42 combinations of 7 flow discharges × 6 slope gradients was also measured to compare with the soil detachment rate by sediment-laden rill flow.
Calculations Soil Detachment Rate
The soil detachment rate was calculated by the following Eq. [2]:
where D r is the soil detachment rate (kg m -2 s -1 ), W b is the weight of the dry soil before testing (kg), W a is the weight of the dry soil after testing (kg), t is the duration of detachment (s), and A is the projected area of the soil sample (m 2 ).
Hydrodynamic parameter
Shear stress (t, Pa) (Foster et al., 1984; Nearing et al., 1991; Cochrane and Flanagan, 1997) , stream power (w, W m -2 ) (Bagnold, 1966; Zhang et al., 2009b; Misra and Rose, 1996) , and unit stream power (U, m s -1 ) (Yang, 1972 (Yang, , 1976 Morgan et al., 1998; Govers et al., 2007) 
where ρ is the water density (kg m -3 ), g is the gravitational acceleration (m s -2 ), h is the flow depth (m), S is the sine value of the slope gradients, and V is the mean flow velocity (m s -1 ).
Contribution Rate
First, multiple regression was conducted to relate the dependent variable of soil detachment rate to the factors of sediment load and stream power, which is the fundamental step to calculate the contribution rate of each factor to the dependent variable of sediment load. The determination coefficient (R 2 ) of the regression equation means that R 2 ×100% of the dependent variable could be explained by the factors, and thus the sum of the contribution rates of each factor to the dependent variable is equal to R 2 ×100%. (1 -R 2 )×100% of the dependent variable could not be explained by the factors due to the effect produced by errors exceeding the analysis extent. Second, the regression coefficients of each factor obtained from multiple regression were standardized by Eq.
[6] to eliminate the differences of units among the factors, so that the effect produced by different factors could be evaluated in the same standard (Allen, 1986; Wang et al., 2006) . The values of standardized regression coefficients can show which of the factors has a greater effect on the dependent variable in the multiple regression analysis. Finally, the contribution rate of factor i to the dependent variable, P i , was calculated by Eq. [7] as proposed by Huoluo (1983) :
where P i is the contribution rate of factor i, R 2 is the determination coefficient of the regression equation, b i is the standardized regression coefficient of factor i, b i is the regression coefficient of factor i, s xi is the standard deviation of factor i, and s y is the standard deviation of the dependent variable.
RESuLTS AnD DISCuSSIOn
Effect of Sediment Load on Soil Detachment Rate
The variation of soil detachment rate with sediment load under different slopes and those under different flow discharges are shown in Fig. 2 and Fig. 3 , respectively. The soil detachment rate by sediment-laden rill flow decreased with the sediment load increased for each trail, and the decreasing rates among different slopes and flow discharges were similar. The condition change of gentle slope to steep slope (10.51-38.39%) and the condition change of low flow discharge to high flow discharge (0.00111-0.00378 m 2 s -1 ) did not cause an obvious difference in the variation characteristic. Regression analysis was performed to identify the relationship between soil detachment rate and sediment load for different slopes and for different flow discharges; Table 1 and Table 2 show these results, respectively. The correlation of soil detachment rate and sediment load was a negative linear relationship. The R 2 of each equation were greater than 0.95 (P < 0.01; n = 5 for each equation). The highly statistically significant equations illustrate that the more sediment rill flow transported, the less soil could be detached from soil body by the sediment-laden rill flow per unit time.
Soil detachment rate by clear rill flow was adopted to compare with that by sediment-laden rill flow (Fig. 4) . The mean soil detachment rate by clear rill flow is higher than that by sediment-laden rill flow. The higher sediment load produced the greater reduction of soil detachment rate compared with clear rill flow. Clear water has the maximum capacity, which is also known as the detachment capacity, to detach soil particles from soil body (Knapen et al., 2007; Wang et al., 2016) . The existence of sediment in rill flow acts as if it were a resistance to the process of soil detachment. How much influence this resistance could produce on the soil detachment rate is derived by the succeeding subsections.
There could be three reasons why sediment load has a negative effect on soil detachment rate. First, change of energy distribution during soil erosion process. An increased sediment load can cause rill flow to expend more energy for transport sediment and act less on soil detachment, which result in a decreased detachment rate with growing sediment load (Zhang et al., 2009a) . Second, soil detachment by flow does not occur without turbulence (Escauriaza and Sotiropoulos, 2011; Nearing and Parker, 1994) . Increasing sediment load suppresses localized turbulence, which leads to the decrease in the soil detachment rate (Bennett et al., 2014; Zhang et al., 2010; Lei et al., 2002; Wang and Larsen, 1994; Wilson, 1993) . Third, the bed load sediment shields the soil bed and protects the soil from detaching (Polyakov and Nearing, 2003; Merten et al., 2001 ).
Hydrodynamic Index of Soil Detachment Rate under Various Sediment Loads
The power needed for soil detachment process is provided by the rill flow. If the hydrodynamic force of rill flow surpasses a critical value, soil cohesion and force of friction are overcome and then soil is eventually detached from the soil body. Flow shear stress, stream power, and unit stream power are the widely used hydrodynamic parameters in soil erosion models (Flanagan and Nearing, 1995; Misra and Rose, 1996; Morgan et al., 1998; DeRoo et al., 1996) . Which hydrodynamic parameter is the best in relation to soil detachment rate under conditions of different sediment loads needs to be identified to reveal the dynamic source of soil detachment and to lay foundation for the further study of the comprehensive response.
The relationship between soil detachment rate and flow shear stress, stream power, and unit stream power under different sediment loads of 10, 25, 50, 75, and 90% of T c are shown in Fig. 5-7 . The soil detachment rate under different levels of sediment loads increased with the increasing flow shear stress, stream power, and unit stream power, respectively. The data points of stream power distributed the most closely around the trend line, followed by shear stress and then by unit stream power, the data point of which was scattered around the trend line. Regression analysis was performed for the correlation between soil detachment rate under different sediment loads and hydrodynamic parameter. As shown in Table 3 , the soil detachment rate is linearly correlated with flow shear stress under each sediment load (R 2 ranged 0.8986-0.9356, P < 0.01, n = 42 for every equation). The stream power is also linear in relation to the soil detachment rate. The determination coefficient of the equations ranged 0.9512 to 0.9775; that is, R 2 > 0.95 (P < 0.01; n = 42 for every equation). The correlation of soil detachment rate and unit stream power could be described by power functions for different sediment loads. The determination coefficient ranged 0.7431 to 0.7657 (P < 0.01; n = 42). The coefficient of hydrodynamic parameters in the regression equations decreased with the growth of sediment load, thus illustrating that the closer sediment-laden rill flow is to the saturated state, the smaller growth rate of soil detachment rate with the hydrodynamic parameter. Clearly, the data points between the soil detachment rate and stream power are particularly close to the trend line, and the determination coefficient for the detachment rate with stream power is higher than that for shear stress and unit stream power. Therefore, stream power is the best hydrodynamic parameter in relation to soil detachment rate under conditions of different sediment loads, and it is capable of simulating the soil detachment rate by sediment-laden rill flow. This finding is in accordance with those of Elliot and Laflen (1993) , Nearing et al. (1999) , Mahmoodabadi et al. (2014) , and Zhang et al. (2015b) , where stream power is reported as the hydrodynamic index of soil detachment process and is recognized as the power source of soil detachment. 
Comprehensive Response of Soil Detachment Rate to Sediment Load and Hydrodynamic parameter Comprehensive Response Relationship for Different Slopes
Multiple regression analysis was performed to study the comprehensive response relationship of soil detachment rate to sediment load and stream power. The comprehensive response relationship of soil detachment rate to sediment load and stream power under different slopes was a binary linear correlation for different slopes, as is shown in Table 4 . The soil detachment rate was negatively associated with sediment load and positively related to stream power. The determination coefficients for different slopes were 0.9115-0.9791 (P < 0.01, n = 35). The average relative error was relatively high, and the Nash-Sutcliffe efficiency was relatively low in the gentle slope of 10.51% compared with other slopes. This result indicates that the binary linear regression equation under the gentle slope of 10.51% has lower accuracy in describing the soil detachment rate than that under a steep slope. The measurements of detachment rate, sediment load, flow velocity, and depth were error prone under the condition of a gentle slope because measurements on a gentle slope require high precision, which is difficult to achieve. As a result, the comprehensive response equation for the gentle slope of 10.51% has a large error and low accuracy.
Comprehensive Response for Different Flow Discharges
The comprehensive response relationship of soil detachment rate to sediment load and stream power for different flow discharges was a binary linear correlation (Table 5 ). The soil detachment rate was negatively related to sediment load and positively associated with stream power for each flow discharge. The determination coefficient ranged 0.9658 to 0.9813 (P < 0.01, n = 30). The average relative error was relatively higher in the lowest flow discharge of 0.00111 m 2 s -1 than those in other flow discharges. The reason for this outcome is the same as that for the gentle slope of 10.51%.
Comprehensive Response for All Combinations
Multiple regression analysis showed that the comprehensive response relationship of soil detachment rate to sediment load and stream power for all combinations (7 flow discharges × 6 slope gradients ×5 sediment loads) could be well described by the following binary linear equation (Eq. [8] ). The soil detachment rate by sediment-laden rill flow was negatively related to sediment load and positively associated with stream power. The determination coefficient (R 2 ) and Nash-Sutcliffe efficiency (NSE) was 0.9482 (P < 0.01, n = 210), and the average relative error (ARE) was 27.5698%. This highly statistically significant equation could accurately model the process of soil detachment in rills: where D r is the soil detachment rate by sediment-laden rill flow (kg m -2 s -1 ), G is the sediment load (kg m -1 s -1 ), and w is stream power (W m -2 ).
Contribution Rate of Sediment Load to Soil Detachment Rate
The comprehensive response relationship of soil detachment rate to sediment load and stream power was set up previously, and thus the influence of sediment load on soil detachment rate in the comprehensive response relationship will be quantified in this subsection.
Contribution Rate of Sediment Load to Soil Detachment Rate for Different Slopes
Based on the linear regression equation and its determination coefficient in Table 4 generated previously, the contribu- tion rate of sediment load to soil detachment rate for different slopes was calculated by Eq. [6] and [7] . As shown in Table 6 , the contribution rate of sediment load to soil detachment rate is in the range of 32.51 to 43.23% and that of stream power is in the range of 53.83 to 62.92% for different slopes. The contribution rate of sediment load to soil detachment rate grew with the growth in slope gradient overall, but it is always less than the contribution of stream power for each slope. This result indicates that the resistance effect of sediment load on soil detachment process is incapable of swaying the dominant status of stream power, which is the original driving power of soil detachment (Zhang et al., 2015b) .
Contribution Rate of Sediment Load to Soil Detachment Rate for Different Flow Discharges
As shown in Table 7 , the contribution rate of sediment load to soil detachment rate is in the range of 34.38 to 49.47% and that of stream power is in the range of 47.74 to 62.20% for different flow discharges. The contribution of sediment load to soil detachment rate increased from 34.38 to 49.47% with the increase inflow discharges overall. A large flow discharge could transport a large sediment load, and the increased sediment load could depress flow turbulence more effectively, thus sediment load contributed a larger negative effect on detachment processes under higher flow discharge (Sirjani and Mahmoodabadi, 2014; Bennett et al., 2014; Zhang et al., 2010) . Table 7 also shows that sediment load contributes less than stream power to the soil detachment rate except at the unit flow discharge of 0.00378 m 2 s -1 . Whether the unit flow discharge of 0.00378 m 2 s -1 is a critical flow discharge that could change the main contribution factor from stream power to sediment load needs to be investigated by introducing flow discharges higher than 0.00378 m 2 s -1 in future experiments. Equation [8] was a statistically significant multiple regression relationship that relating soil detachment rate to sediment load and stream power under all combinations. The contribution rate of the factors to soil detachment rate in Eq. [8] was calculated by Eq. [6] and [7] . As shown in Fig. 8 , the contribution rate of sediment load to soil detachment rate is 30.43%, and the contribution rate of stream power was 64.39%. The contribution rate of stream power was 33.96% more than that of sediment load. In the meantime, the contribution rate of sediment load accounted for almost one-third of the total contribution.
Contribution Rate of Sediment Load to Soil Detachment Rate for All Combinations
The above results indicate that sediment load and stream power influence the process of soil detachment together. Although the resistance effect of sediment load on detachment process is less than the driving effect of stream power, the role of sediment load in soil detachment should not be ignored (Cochrane and Flanagan, 1997; Lei et al., 2002; Zhang et al., 2005) . The resistance effect is the soil detachment rate by sediment-laden rill flow (kg m -2 s -1 ), G is the sediment load in rill flow (kg m -1 s -1 ), and w is stream power (W m -2 ). ‡ NSE is the Nash-Sutcliffe efficiency. § ARE is the average relative error (%). of sediment load on soil detachment rate holds accounts for almost one-third of the total effect of sediment load and stream power. The resistance factor of sediment load is essential to be introduced into the model equation of rill detachment to avoid the overestimation of rill erosion intensity. Moreover, stream power is the driving factor affecting the soil detachment process under the experimental conditions. Therefore, adopting soil and water conservation measures, such as contour tillage, to reduce surface flow and increase infiltration can control rill erosion effectively (Xi et al., 2012; Xu et al., 2013) . Sadeghi et al. (2012) used the Taguchi method to investigate the contribution rate of different factors on soil erosion and sediment yield. This method was assessed by Zhang et al. (2015a) in inter-rill erosion and proved it to be timesaving and laborsaving. To explore the optimal method to quantify contribution, further studies should be performed to compare the contribution rate calculated by the Taguchi method and that calculated by the method adopted in this article.
COnCLuSIOnS
The contribution of sediment load to soil detachment rate by sediment-laden rill flow was studied through a flume experiment under seven flow discharges, six slopes, and five sediment loads. Soil detachment rate by sediment-laden rill flow decreased linearly with the increase in sediment load. Stream power is the best hydrodynamic parameter in relation to soil detachment rate under different sediment loads. The comprehensive response correlation of soil detachment rate to sediment load and stream power is a binary linear equation. Sediment load is a resistance factor to the process of soil detachment and stream power is a driving factor. The contribution rate of sediment load to soil detachment rate by sediment-laden rill flow for all combinations is 33.96% and stream power is 64.39%. The negative effect of sediment load on soil detachment rate holds accounts for almost one-third of the total effect of sediment load and stream power. It is important to draw sediment load as a negative factor into process-based rill erosion model to predict erosion intensity. Meanwhile, adopting soil and water conservation measures to reduce surface flow so as to weaken the driving energy of stream power is effective for controlling rill erosion. This study can provide a feasible way for researchers to quantify the effect of factors on dependent variable, and can help to sufficiently understand rill erosion process and develop process-based rill erosion models. Further studies need to be conducted to apply other methods to calculate the contribution rate of sediment load to soil detachment rate and to explore the optimal one. Table 6 . Contribution of sediment load (G) and stream power (ω) to soil detachment rate for different slopes.
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